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Lactones 


By C. F. H. 


Many hydroxy and halogenated acids, 1 

which the hydroxyl (or halogen) aa 
carboxy! groups are in appropriate posi- 
tions, lose the elements of water (or halo- 
gen acid) to form inner esters which are 
called lactones. If the heterocycle so 
formed has five ring members, it 1s called 
a gamma-lactone, having been derived 
from a gamma-substituted acid, and if 
six, a delta-lactone. Lactones are usually 
named as derivatives of the correspond- 
ing hydroxy acids. 


RCH CHe- CHe 
iis |— | 
OH HOC=0 
ARCH-CHe—CHe ACH-CHo— 
peas ——> | 
OH HOCOCH? O—CO—CH2 
A6é-Lactone 
In a very few instances, the Geneva 


name, formed by adding ‘‘-olide’”’ to the 
name of the appropriate hydrocarbon, 1s 
used. 

When there is a possibility of either a 
y- or a 6-lactone (e.g., the sugar series), 
a y-lactone 1s preferentially formed. 
Gamma-lactones form so easily that the 
open-chain acid can seldom be isolated, 
whereas many 6-hydroxy acids can be 
isolated. Lactones having other-sized 
rings are known, but none are commonly 
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encountered by the organic chemist. 

Lactones often contain carbocyclic 
rings, e.g., phthalide, campholide, and 
coumarin, and the paraconic acids, of 
which terebic acid is the best known. 
Most of these have been useful for syn- 
thetic purposes in connection with the 
theories of organic chemistry. 








Ro C-—GHCOOH | 


0, 


wee 


A Paraconic Acid 
(Terebic acid, R = CHs) 


A lactide is a dilactone, formed on 
heating an a-hydroxy acid; two mole- 
cules of acid form one of lactone. 


OH HO: O 
O=6~ \GHCH; 0:6” CHCH, 
ec oR 6 
CH3CH : CH3CH C= 
OH HO No~ 














Organic Chemical Bulletin 





Lactones may be unsaturated, having 
double bonds in the ring, e.g., the angell- 


calactones, coumarin, and Ambrettolide. 


a 
CTL de 
@) 


Coumarin 


CH(CHo)s5 Ot ey 
CH(CH,), — O 


Ambrettolide 


As previously mentioned, y- and 6-lac- 
tones are readily formed spontaneously 
from y- and 6- hydroxy or y- and 6-bromo 
acids. They can be prepared in several 
other ways. For instance, when 8,y7- 
unsaturated acids are treated with con- 
centrated sulfuric acid, y-lactones are 
formed by an intramolecular addition; 
the reaction is not reversible. A double 
bond may even migrate along a chain 
until it is in the 8,y-position, so great is 
the tendency to form a y-lactone; the 
outstanding instance is that of unde- 
cylenic acid, which forms v-heptyl- 
butyrolactone, the “‘aldehyde C,4’ of 
the perfumer. 


CH=CH (CH2)g COOH—> 7-C 7H, 5 CH= CHCH2 ——> 
HO-C-O 
n-C7Hi5sCH-CH,-CH, 
O c-O 


n-Heptylbutyrolactone 
‘*Undecalactone’”’ 





Suitably constituted ketonic acids lose 
the elements of water on heating or when 
treated with dehydrating agents to form 
unsaturated y-lactones; levulinic acid 
gives the angelicalactones. 


CHa—— CHp HCG —— CHe CH=CH 


CH.zCO s CH ie ‘on CH C=O 
3 3 “ 3 a 
Ho No” ba 


Levulinic Acid a-Angelicalactone 


(-Angelicalactone 


Lactones can be obtained by oxida- 
tion of cyclic ketones, using Caro’s acid 
(H2SOs) ; this reaction has commercial 
importance in the production of Exalto- 
lide and Ambrettolide. Many-membered 
lactones are also prepared by the intra- 
molecular dehydration of w-hydroxy 
acids. 

Beta-lactones have been known for a 
long time; Staudinger showed that they 
resulted from the addition of ketenes to 
aldehydes and ketones. Beta-propiolac- 
tone has become available recently, being 
formed by the interaction of formalde- 
hyde and ketene. The dimeric form of 
ketene, diketene, is considered to be a 
B-lactone. 

Lactones are insoluble in aqueous so- 
dium carbonate but dissolve in sodium 
hydroxide solution, forming the salt of 
the corresponding hydroxy acid. Since 
lactones are (inner) esters, their chemical 
properties are, in general, like those of 
other esters, e.g., they react, by addition, 
with two equivalents of the Grignard 
reagent. The ring is opened by potassium 
cyanide at elevated temperatures, to 
give cyano acids. Many lactones lose 
water when heated in contact with activ- 
ated earths, to give unsaturated ketones. 


RCH—— COQ 


J. 
— ey 
ee CHoe 
RCH——G-O 
—— 


(CH, ) 
ae 


Many saturated lactones can be isomer- 
ized by acidic and basic reagents. 


acids 
a8 By 


bases 


The most characteristic reaction of 
Staudinger’s B-lactones is the easy elim- 
ination of carbon dioxide on heating. 
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RoC—— CO RoC 
| [|—— | + 9, 
FaC——O Fro 


The reactions of 8-propiolactone have 
been established mostly by Gresham 
and co-workers. The lactone ring is read- 
ily opened by most reagents, the mode of 
opening depending upon the nature of 
the catalyst. In general, the products 
formed are 6-substituted propionic acids, 
or substances resulting from their further 
reactions. In most instances, more or less 
polymeric ester acids also are formed. 

A few examples of the reactions of 
6-propiolactone are illustrated below: 


(a )Salts: 


O-CHp-CHp-CO + MX——+XCH2CHpCOOM 





e.g., sodium chloride, acetate, sulfide, ammonium 
dithiocarbamate, magnesium bromide 








(b)Alcohols: OH 
b cH r>——— HOCH2CHsCOOAR 
o—co + AOH yt 
——__?# OCH2CH2e COOH 
(c)Phenols: OH7 
CHs- CHp ————» FOCHe CHp COOH 
| |  +A0H 
i» HOCH» CHp COO 
Uses 


Many lactones are used in perfumery, 
€.g., a- and y-alkyl lactones, such as sev- 
eral of the above, ‘ ‘aldehy ie Cis” (which 
is w-amylbutyrolactone), and coumarin. 
Some are physiologically active, as proto- 
anemonin and the cardiac aglucones. 
Many have been used in syntheses. 


Related Compounds 


There are several series of compounds 
related to lactones. Azlactones contain 


nitrogen as well as oxygen in the ring; 
they have been widely used for syn- 
theses of certain amino acids. 

Lactols are a special type of hydroxy 
lactones that are formed by what 
amounts to an intramolecular addition 
of a carboxyl to a ketonic group. Most 
of the known lactols are highly substi- 
tuted, have a five-membered ring, and 
are unsaturated. Sultones are intramolec- 
ular esters of hydroxysulfonic acids. Lac- 
tams may be considered as lactones in 
which the heterocyclic oxygen is replaced 
by an NH- or NR-grouping. 





FR’ OH 
ACH= | ie 4 po a 
p do—d 
N=—CAR' 

An Azlactone A Lactol 
ARCHCH» CHe R tiled ea 
6—$0, HN CO 

A Sultone A Lactam 
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Sodium Diethyldithiocarbamate as an Analytical Reagent 
By C. W. ZUEHLKE* 


Sodium diethyldithiocarbamate has be- 
come, in recent years, a preferred rea- 
gent for the determination of small 
amounts of copper. It offers a high order 
of sensitivity, and the possibility of ex- 
tracting the colored copper complex 
tends to make the method broadly appli- 
cable. Although Sandell (Ref. 1) has cau- 
tioned that it is not a specific reagent 
for copper, the recent literature indicates 
that the extent of interference by a 
number of relatively common elements 
is not clearly understood. Sandell pointed 
out that bismuth, nickel, cobalt, ura- 
nium, and ferric iron fortis colored, ex- 
tractable complexes which interfere un- 
less appropriate steps are taken. The 
use of ammoniacal citrate solution effec- 
tively masks the effect of uranium and 
small amounts of iron. Dimethyl gly- 
oxime may be used conveniently to 
eliminate cobalt and nickel. The inter- 
ference of bismuth is not as easily 
avoided but Drabkin (Ref. 2) has sug- 
gested that the determination can be 
carried out on two samples, one of which 
contains added cyanide which prevents 
the formation of the copper complex. 
The copper content may then be calcu- 
lated by difference. 

A significant paper by Lacoste, Ear- 
ing, and Wiberly (Ref. 3) on the analyti- 
cal use of this reagent has appeared re- 
cently, in which it 1s pointed out that, in 
addition to the metals mentioned above, 
ferrous iron, hexavalent chromium and 
molybdenum, as well as divalent and 
tetravalent tin, form colored complexes 
which are curertahde by chloroform. 
These authors have measured the rela- 
tive sensitivity of the reagent for the 
various interfering ions which they 
place in the following order of decreas- 
ing sensitivity: cupric, nickelous, ferric 
and ferrous, bismuth, uranyl, pohudieus. 


and dichromate. The extent to which 
these 1ons interfere in the copper de- 
termination depends greatly on the 
wave length of which the measurement 
is made. The color of the molybdenum 
and tin complexes fades rapidly and 
cannot be measured readily. 

Lacoste, Earing, and Wiberly point 
out that, aside from their potential inter- 
ference in the determination of cop- 
per, each of the metals in this series 
actually can be determined by the use 
of sodium diethyldithiocarbamate. In 
the case of iron, nickel, and chromium, 
tor which a number of entirely satisfac- 
tory methods are available, this may be 
a matter of relatively little ; importance. 
In the case of uranium and especially 
cobalt and bismuth, however, the “‘car- 
bamate” method offers interesting pos- 
sibilities. 

A close similarity can be noted be- 
tween the “carbamate” method and the 
well-known dithizone extraction pro- 
cedures. Although dithizone reacts with 
many metals, a remarkable selectivity 

can be achiev od by the use of appropri- 

ate masking reagents. A further study 
on the use of masking agents applicable 
to the carbamate method provides an 
interesting field for investigation. The 
combined application of these two rea- 
gents should prove increasingly useful 
to the analytical chemist. 


*Research Laboratories, Eastman Kodak Com- 
pany, Rochester 4, New York. 
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